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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform a real-time 

equalization by generating a renewal weighted vector 
based on a scaling factor, a weighted vector, an error 
signal and a data vector. 

SOLUTION: A matric product and sum part 314 
processes a weighted vector Wold and a data vector X 
(k) from a delay device 370 to generate an equalization 
data signal y(k). The delay device 354 delays an error 
signal e(k-2) by one sampling period and transmits a 
delayed error signal e(k-3) to a weighted renevyal part 
360, etc. A matric product part 362 receives this delayed 
error signal, a scaling factor and the received signal of 
the data vector X(k-3) and multiplies this received signal 
by the scaling factor. Then, a matric sum part 364 
calculates a new weighted vector Wnew according to an 
old weighted vector Wold from the delay device 370 and 
the multiplication result from the matric product part 
362. 
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(54) vsmo^m f'^i^if)Vy='~i^xh*)—Am^m 



(57) [M*<Jl 

%2y'—9-<'^ ^/^^]^:feL. m^tv-'-^m^y (k) 
^^±t-S7^'yu;?i:, y (k) ?r^&^L1^^6^&*ft^^^ 
fcl^kr-'-^ft-^y (k-1) ^%±-r^mi^t. y 
( k - 1 ) Srt&*rt L^ibmfi ^ tlfc^tT-'— ^is^y 
(k-2) i^^-r^m^&^t. y (k-1) ^Sfe!:^ft 

(k-1) iz^^\^^i^$^m^tiit9i:mm^-d (k 

-2) ^^^-r-S^t-^U-^yl-^^^Pi. d (k-2) t 
y (k-2) bcom^A^hmmW^-e (k-2) Sr^^iti 
U i^<61^ttj$ixfc^^-^e (k-3) ^^^T^m 



^,1 



■ 
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I 
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^mmh¥i^-<i> h/l'Wnew^'Ift^ftU ^4t)^^tx-^ 

ro^^J-SrW-r-S. Cx (k) . X (k-1) , X 
(k-N+1) ] TfeSUlT-'— ^'<i5' h/PX (k) i: 10 
[x (k-3) . X (k-4) , X (k-N- 

2) ] -C$)S^27'-^'<^' hywx (k-3) tSr5!:£ 
U miEm 1 7-'— ^-<^ hyi-x (k) S.t;itrl5i0fi^# 

h^i^Woidt-^-^V^-C^tT-'-^fs-^y (k) 

^kx-^m-^y (k-1) ^^±-rs^2aM^t, 

HulE^ftT-'-^ft-^y (k-1) ^*!)t&isft$ 
*tfc#IKbx-^fg#y (k-2) ?r^^-r'5^3iB^ 
i:, 20 
BulE^'/tT-'-^m^y (k-1) ^, BffS«fiS(?>5*>co 
{BTtbA^tr^fl-rS^SW^d (k-1) {c^^*, ^4?) 
3afe*tlfc^;tft#d (k-2) ^^^•tZi'mmk 

HfFSSft^fi-^d (k-2) tSfJlE^bT-'-^m-^y (k 
-2) i:ror«^co|B>^**T^^t^e (k-2) S:;^ 

aiL.^fe^m^tvfcigMt^e (k-3) i:m±-r?> 

old^ ttilE^^-^e (k-3) S.t7HiIfex-^-<i> F 30 

/px (k-3) icm-^^^x^ miiEjEffm^##^i5' h>'i^ 

miS.'r—^^i' hJi'X (k) RtJ«X (k-3) Sr^^-r 

BfriSx-^-ii? h/'i'X (k) s?>*HfiieiBm^##'<^' h 

/PWoidf-S-^V^T, miE^bx— ^ft-§-y (k) Sr* 

mB^il^f-'—^is^y (k-1) (OU^/l^^^'^LX. 

wmm^m^d (k-1) i:^^-rh\^^/\-si:^^ 

MfE*:tft#d (k-1) Sr^SiirtU fi^I1Ei^«)|Siirt*#^ 

fcft^^t^d (k-2) ^^^i-sm4jij^i^w-r 
t»*«4i mssmmB^mm^mK so 
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MsE*;Sft-^d (k-2) ;6^e>«JBE^b7-'-i?'(t-^§r?IE 
»LT. Hai2ISMS-^e (k-2) Sr5g^-rSj)^»SS 

<!:. 

miEisMt-^e (k-2) ^miu wm^ib^m^t^ 

tcm^m^-e (k-3) Srl8^-r5f55®^i:«r«-r 
5 r i ^#il^i:-rs»*JS3 fclEiSro^-i' i^iJ'yi^— ^' 
;^ h y -A^biggo 

Hfns;^'^-y >'^/7r^^M^ SfriE^Mfi-^e (k- 

3) SLtmiET-*-^-^^ h/i'X (k-3) ^«^Lr» 
miEISS^##-<J? h/i-Woid^tJ«]|flt2aj$J|{cS^t^ 

fbge> 

[0 0 0 1 1 

*-fe?/hU=i— y (VCR) '^:^TM:Lm^^hi^^%it 
iigfS^b^m ^#^#{b^B{-M-rSo 

[0 0 0 2] 

n-tr^(7?gg, r-*— :5'C0?f-^PBlT^ (inters ymb 
ol interference:ISI) t^^^^L h 

v>i5'>'UVCR'>X-7^AJi^!l;i(i, PartialRes 
ponse c 1 a s s - I V (PR:*'^;^- I V) fi^ 

*j£co«7^«L-i;fis T-'— h y— i^[*3roi^i^S:^{c: 
ti-ST-'— ^?^^f-ffl^ft^^^7tficD I S I ^^A-r-S - iric 
[0 0 0 31 0114, PR^9^- I Vg^)fe?rggffl-f S 

■efcs. rco^e^jferoT-V v'^/i'VCR v';^7'Att:^y n 
-yi 0 0. ?SE^15®/I¥*^^^^yn 1 0, s^bSSi 
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[0 0 0 4] |5^>^nir>^cD^. 2my'—^m.^^^^ 

Xtif—^m^ii^':^}) =»-y 1 0 OtcAj^i^tt-So 

-T-Wi>^LTe^g|» (^J;^(^. 1/ (1-D) 2) 
Sr^-r^o ^(7:>^. e^MlgCl/ (1-D) 2{ci^o 
XW^-^m^iim%W^/n^^^:^^;\^\ l Ofc:^ 
®^f^^o r(7>fE^^l/ (1-D) PR^^ 10 

[0 0 0 5] m^'fu^:^(om\^\±. mm"—^ 

-i-fi. #x--i5'flS>55 r-ij , roj . rij <Dsmcr> 
[0006] ^'fl::e)^^t^ofcm. mm 1 2 0 fi^t:^' 

a^SS®/S^^^^vu 1 1 0 i: t)^fcS§l 2 O-^coe 
ara^Ji (1-D) Tfef?. rc^e^BilSfil?^:/a-fe 20 

[0 0 0 7] H:±^>-='^>5/i 3 0^;i*5V^r. mitT'— 

^z^/ri-^l 3 0^1^^K^S5^^ii^{c:^sv^T^(DJ:5{-^D 
^StJ^l b^^-y ha^ct^9«^^ix. (1+D) (Dm 

mmm^MMir^, m^x. :itih(Dmmmm (i- 

D) (1 + D) fl. K^m/S^^-r^^^H 1 0 

tS^^^r^^-iJ^l 3 0i:(7:>FaTft^^ti,'5o 

[0 0 0 8] n^:^>':=^—^l 3 0:d^t>£Of?-^'fbT-— 

m-^HT^'-^i^ai^i 4 o{cei^$tL^, rc^r-'-^i^ 30 
ami 4 ofi. ^^?^'^t:T-'-^«-^ic:^oit^ sMx-^j^ 

Sr2{fiT--i5^ (fiP'^. OStJ^l) {c^m-T'Sr^rJcJzo 

iB^'\^:^^^xmiRifi^-in2m rij icnM^ti. 

[0 0 0 9] L;6>L?S:a5^. ±SE v^^/u 

-So 40 

y(k)= 5^ Hf, X (k- i ) 
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[0 0 10] Sfi. _LIBc^«gffS:gS:#-r^fc*^t;i. PR 

ML (Partial Response Maxim 

urn Likelihood) m^^W^^^^^X^^^^o 

[ 0 0 1 1 ] 0 2 ji. p RML &m^mm-r^'i^^(Dv' 

^ i>^/\-VCRi^>^'rJ^(Dy'tiy^mXh^o t¥*C0V 
CR^y:^v'MtAyD§m^2 0 0^ ^YbS§2 2 0. tf 
^ tf«-^fcSS2 4 0S.tJ5f-V>^y >^i^i^ a 5/iJ'^^SP2 
eo^^tfo ^l::g§2 2 0{ly^^— K>^:^17— Ky^^/U 
^ 2 2 2. iS5£§§2 2 4. S^#^JEmfl»gB2 2 6. 
m^V'-</i-*^§g2 2 8RU^M<^mSS2 3 O^^i" 
'5o f'>':/y>'^^D5,^^^^2 6 0{±^^^>'^S 
^0152 6 2 . D/A^mt^2 6 4 ^U^mffi^W^ffilS 

(VCO) 2 6 e^^-T'So 

[0012] A/DSlft§g2 0 0 fi. T-:^a 

^m-^^TT-V v^^yu-T-'-^fg-^x (k) ic^J^i^^o r 

T) }-J:oT. lES^^^f* (^Jx.{i. ^^y^— y') 
hti^o rcoj:5?:^A/D^J&fl. i^^^y^y ^-^^n^:/ 
^5g*a5 2 6 0t>h7<t!^tifz'^>^y'V>'^i!^^ yi^{^ 
ft\:.xni::>n^o :i(D'f>^zfV>'^i^^y^^±M2 6 

xmfcfj:D'i^':rv ^'^i^ ^ ^m^-r^a A/D^lfe 
S2 0 0;5>?.^^nfcT-V (k) 

y^—\'y^v—vy^/\^^2 2 2mm.^i^^'^ 

imm^2 2e\z.^^m^^fi^. 

[0 0 13] y ^—vy^v— K^-r/u^ 2 2 2flA/ 
D^Jfe§g2 0 Oy6>?>S:tt5tofcT-Ve^^yi-T-'-"i^fS-^x 
(k) ^y^/i-^V^'^y^x. mty'—^^^y (k) 

§:^^^^o r(D^{b7^-'^m-^y (k) 
T-'-^ffi-^x (k-i) tiS^2 2 4:^-^«|^^nfc 

\^-t)^^-<^mPi^H^m^±ii<Dm(D^xh^o :l^x\ 
N:d5l J:»9:*c#v^iE^o^-efo^i^, iH0<t«9 (N 
-1) ^Tco^lffl^Wi-^o wCOi:55tlia^>fi:TIE^iO 

[0 0 14] 



[0 0 15] ±|S^lfi. TIEt7><t5?i-<i!^ [0 0 16] 

y (k) = X (k) ^ . W=W* • X (k) ^ (2) 

[0 0 17] S^^t^i^' h>'UWSa^7-— ^^iJ' hyl-x *ig*tl4#^o 
(k) fi^TN5*7n(7)?fl-<i^ h/i-T**>*?. TI5cOJ:5J- 50 [0 0 18] 
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11^3] W= [Wo. Wi. W2. Wn-i] ^iC (3) 
X (k) = Cx (k) . X (k-1) , X (k-N 
+ 1) ] ^ 

[0 0 19] M^His^i^ h/l'W (k) 
hyPX (k) liNJJC7E(7)fT-<^ hyM73fl?ffiTfe»)#-5. 
^LT, y (k) lly (k) =X • W*=W • X*i: LT 

[0 0 2 0] t^fbx-^'ffi-^y (k) {l^M^t±J^2 3 

0, •ft-i-U'-</l'*5eSS2 2 %mJ-\f^ l?g-^{kSS2 4 0 
t^€-^ej3IStl'So 10 

e (k) =d (k) -y (k) 
[0 0 2 3lS||fI^e (k) S8M^^a^§g2 3 0>i» 

^^gP2 6 0{;i=S-^^^;jxS„ a^##M»JWgP2 
2 6{i|gMt^e (k) , t'-^v^^/Wx— ^ft^x 
(k) S.t«iMS§2 2 4*»ibWiliSfi^#^'<i^ h/i-W 

Wnew=Wold+ii • e (k) -X (k) 

[0 0 2 51 rrr\ u.\±mx\s.. -^wmm. 

2 6Ji. mitfim?f-H^-<^ h>'^w„ew^iI5^IS2 2 4 

^m\:^xy^~-v'y*r?— K7 -f /p;? 222 \z.B^-r 

^i^oyi'mm{^is\,^Xy (k+1) ^W-»f'5W(-ffl 

[00 26] ^-r 5 Z^^ff^gP 2 6 2 ^tT'—fm 
(k) SUf^UfS-^e (k) {cS•^^^TSffc7i-!^>- 

i^TT'y a s/i? ^-f 5 n/A^mS2 6 4 

Xt;!VC0 2 6 6(;iJ:i9Ma^iX, A/'D^ife§S2 0 0 30 

[0 0 2 7] ifm^-im2 4 0»i, fifjfetOK'^? 
■§-ftryi-:^y XA(cS-:Jv^T^k;7'-^'^t-^y (k) ^ 

[0 0 2 8] ±aiLfcJ;5{c, M^n^^f' hyU-W(7)M 
fffly (k) . d (k) RU^e (k) Sr^tJ^irf -5^5. 
•?:nf±±IES: 1 , ^4, 5{c:t¥5^TW7°n-fe;^:dSl-t^ 

1. 8 5MHz-r>fc5m-&. Wnewi->rr-5y (k) CD 40 
W-»li2 3. 8 9ns F*9T-iSgcWt-ffi?tvS'<#T-fo-5 

[0 0 2 9] 

[^PJj5^0*LJ:^i:-r-5iSM] ^¥oT, ;!^^BJ(0^7i 
ae<Ji±, i>^y^vcR->';^•rA{c*5V^Til^^'f^: 

[0 0 3 0] 
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[002 1] m-^U'<>'U^«5S2 2 8»±. ^bx-^ft 
■^y (k) ;iSL*^«'<#3fig -1. 0. 1) 

<r>o%<D\^\vh^■^i^■k^■&\JX^^&^^A. (k) §:^i-t- 
S„ ^IH^ttil§2 3 0(i*^fa-^d (k) ^U^^bx- 
:?ft-§-y (k) (CJSCT, TIS^Co? J; 5 d (k) ty 

(k) i:ro|^ro^^tf^LT^|gft-§-e (k) «r|g± 

[0 0 2 2] 
[^4] 

^ (4) 

[0 0 2 4] 

[iic5] 

(5) 

S^ff#-<i> h/i'WoidiL.T^^-f-Slgia^i:. 

/Ut-'— hy— AfccfitCT. #>«f;dSNl@(O^^Sr^-r 

[x (k) . X (k-1) . X (k-N + 
1) ] T-feS^lx— ^/^X (k) t [x (k- 
3) , X (k-4) . X (k-N-2) ] X'S>^m 
2^— ^-^i? hvPX (k-3) irSr^^U ^SHE^It"' 
— hyux (k) S.t^mFsBI0S^##^i^ H^-i^W 
oidi-S-:5VNT^bT-'-:?m-^y (k) ^m^-t^y-'- 
^^y, h/Hg^^Si:. HulE^fkT^-^ft-^y (k) ?r 
t&*fiL. ^46t&i^^tL/c^b7^-c5'm^y (k-1) ^ 

^±-ri>m2m}mt. wmmtf—^m^y (k- 

1) §r*SjJftU ^«)1&^ft^^^fc#^^:T^-^ft■§•y (k- 

2) S:|8i-rs^3a5S^<L:. fllE^^CT-'-^fs-f-y 

(k-1) Bff:e:(75{it»5'^t7?{Bifbjs%^:#-r5*^ft 

-^d (k-1) ^*!)^m^tt/cg^^ffi^d 

(k-2) i:^^-r^m^^t. msi^mm^d (k 

-2) tfiulS^kT-'-i^ft-^y (k-2) icor^lfO^ 
^**!)T^^-^e (k-2) ^^^WU. 

(k-3) ^|g^i-SiS^#Mtb#® 
i:, ^-{r— y Vi/7r^^M> mrSSIBm^ft^-ii^ 

Wold^ Huie^^-^e (k-3) so^miiaT-'— 
h/u-X (k-3)-{cS'^l/^T. W1EMSfa^##'<;5' f- 

[003 1] 

[ 0 0 3 2 1 0 3 li. J:SM*£:^b8g3 0 0 co 



y^'P—Fy-^Jl'^ 3 1 0 30(7>iSMS§3 2 0. 3 
4 0. 3 7 0i:. «#U-</U*feSg3 3 0i:, ^^Mta 
a53 5 0t. m^##Sff^3 6 0^^^tfo y^-F 

(k) } ^y^;v^^):y^\jx. m\Ly'—^:^V^)—J>. 
{y (k) } ^thtl^^o ^:iX\ kl^v"^ i^i^/uv-'— 

!7— Vy^/i-^ 3 1 0\^x^y V Uv^Xi?^ 3 1 2S.t/-^ h 
y ^^rJ'fllRt^^S 1 4$::fi-'r'6o '>:7 h ixC/;^>5? 3 1 

X (k) - [x (k) . X (k-1) . X 
X (k-3) = Cx (k-3) . X (k-4) 

(6) 

[0 0 3 4] y^mSamUS l 4fl. JiIB^C; 

1. 2i;iS--5v>T3S^3 7 O:d^e>A;0^tLfcS^#^ 

h/^WoidS:U^T'-^^^ h/i-X (k) S:«yiL 
T. ^^Lx-^m-^y (k) ^m^T^o ^^X\ W 
oidJi^]^rf. S;3{c:<toT^^^tvfcJ:^{::NjSco;$ 
^S:*-r^o ^rco^. m<tT-^m'^y (k) fliS^ 

3 2 0. m2^(D\f^\fm.^i}^2A0mj'^>^^^Jly 

0{c*5V>Tfl. ^kT^-iJ^ff-^y (k) :dsif-v:/y>^ 

i^'ft-^y (k-1) ^^fS-§-l/-<yu*^3 3 0St/Jg5£ 
5§3 4 0(C^^«?^^tU^o a5£l§3 4 0figimo7t 

^I:x-i5^{t^y (k-1) >^*&«*rrst*t-. ^Lt-' 

-^m^y (k-2) Sr^M^^aig^3 5 0{cfsi^i->5o 
[00 3 51 ft-^U'-<yU*^g|5 3 3 0 3 
3 2&tJ^MS§3 3 4§:*'f^. l^-<yUSt^Sg3 3 2fl 

^tf-^m^Y (k-1) ^gltSioTt^. sg^br-' 

-t^m-^y (k-1) ^^isb'^isbhMz.m. m^\^. 3 

e (k-2) =d (k-2) -y 
[0 0 3 8] 2^m^3 5 2:6^e>(D^^^e (k-2) 

\^m^3 5 4 {c:>eiit^;h.6o mm^3 5 4 j^^Mt^ 

e (k-2) ^l'f:y':^])i^ifi:;uy^mmf6\rM^^ 
ii-. ^coM*<!r LTSigKMs-^e (k-3) ^M^^ 

[0 0 3 9] n^H^-^mU3e Ofl-^hy 5/^fiS^3 

6 2RO^-rhy 'y:5^filg{53 6 4<t'9tf;$^tt'5o h y 
y^mUS 6 2fi^M#l±i^3 5 0;6^?>c7:)|^^5^e 

(k-3) h. mk.\f. ^mmmm. im^-^^) t^ho:> 

Wnew=Wold+Ai • e (k-3) - 

[0 0 4 1 1 jgfa^^^^-^^ h/i-WnewJia^f+^s#f 

gB3 6 0/&^e5»iS§§3 7 0--gi|^$n. 31^3 7 OJC 
ioT 1 i^^-y y V^:^^ c i/r^^C?5jim'ttaSjE^tt^o 

»M^tiyhW^ewfi^if^-r^-!^>':/y >'^^ n :y^(cT 

3 1 4&rj^ h y '>:i>fijSB3 6 4^c:=&><rtt^^^^^-5, 

[0 0 4 21 ±iB{;:4sv^T. ^^m<oimti:mm(Djf^m 
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(k) } ^i^yh^^. y--^-<^ hyi-x (k) i&tj^x 

(k-3) y^msam^zi Amm.^^^ 

MiffSP3 6 0(C#^«?^6o #T-'-^-<i> H/l-X 
(k) :Rt/X (k-3) Nffl(7);*^&^U TIESC 

[0 0 3 31 
10 [»6l 

X (k-N+1) ] 



X (k-N-2) ] 



0. 1) <7:>o^<Dni&t^i-:><omh\^X^'^ 
LT. 0 2 ^(7)fS^U-<yu*:^^2 2 8 co:fe1fei: IHIti- 
SU^yU-^^m-^d (k-1) Sr^^-rSo rcD3l^-< 
/U-^^ft-^d (k-1) f±a^3 3 4J<^gi^$t^6o 

r(7)ii^3 3 4{±i^*sm-^d (k-1) ^^mt^ 

tm^. *^«-^d (k-2) t:i^M1^m^3 5 0(C« 

[00361 ^MMaiSB3 5 0 vm^^^jx-^'&m 3 
o;?)^e>(^^:£m-^d (k-2) sr/»j^3 4 o;5^«b(7> 

^itv-'-^m^Y (k-2) SrgfrT'So rco^Ml^lil 
^5 3 5 0Hi^^3 5 2^:31^3 5 4 t ^K^mm.^n 
'So ®^3 5 2(i^!l;tf:f. 3ffi-l. 0. 1C7)5'^<7> 
ffiJtb;e)>S:Wi-^«fe^«-^d (k-2) 22LTJ^bx-i5^m 

-^y (k-2) ^ssiofc^, smft-^rpi(o^^if» 

UT. ^^-^e (k-2) ^^^t"^o rcO^Mt^ 
e (k-2) fiTIEco^5«-^^^tb6o 
30 [00 371 
[fc7l 

(k-2) ^ (7) 

y >'i/p^:r^^5'M h w-v^^^^ 3 1 2:a^?> 

^-<^ h/ux (k-3) t^SSi'So ^co^. -s- 
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